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ILQLVKHGSURGXFWV0RUHRYHU H[WUXVLRQ LV DOVR WKHPDLQSURFHVV LQ DGGLWLYHPDQXIDFWXULQJ WHFKQRORJLHV VXFKDV)XVHG
)LODPHQW)DEULFDWLRQ))),Q)))SURFHVVWKHSDUWVDUHPDQXIDFWXUHGOD\HUE\OD\HUXVLQJWKHUPRSODVWLFPDWHULDO7KH
ODWWHU LQ IRUP RI ILODPHQW LVPHOWHG LQ WKH OLTXHILHU DQG WKHQ LW LV H[WUXGHG DQG GHSRVLWHG RQ WKH SUHYLRXV OD\HU 7KH
PHFKDQLFDOSURSHUWLHVRI WKHSULQWHGSDUWVUHO\RQWKHFRDOHVFHQFHRIHDFKH[WUXGDWHZLWKDQRWKHURQH7KHFRDOHVFHQFH




ZDV FDUULHG RXW XVLQJ &RPSXWDWLRQDO )OXLG '\QDPLFV &)' DQG WZR SKDVH IORZ 73) VLPXODWLRQ /HYHO 6HW /6
PHWKRGE\'D[LV\PPHWULFPRGXOHRI&2062/0XOWLSK\VLFVVRIWZDUH,QRUGHUWRSDLUWKHKHDWWUDQVIHUZLWKWKHIORZ
VLPXODWLRQ DQ DGYHFWLRQGLIIXVLRQ HTXDWLRQ ZDV XVHG $GYHFWLRQGLIIXVLRQ HTXDWLRQ ZDV LPSOHPHQWHG DV D 3DUWLDO
'LIIHUHQWLDO(TXDWLRQ3'(LQWKHVRIWZDUH,QRUGHUWRGHILQHWKHYDULDWLRQRIYLVFRVLW\RIWKHSRO\PHUZLWKWHPSHUDWXUH
WKH UKHRORJLFDO EHKDYLRUV RI WZR WKHUPRSODVWLFV ZHUH PHDVXUHG E\ H[WHQVLRQDO UKHRPHWHU DQG XVLQJ D SDUDOOHOSODWH
FRQILJXUDWLRQRIDQRVFLOODWRU\UKHRPHWHU
7KHUHVXOWVKLJKOLJKWWKHLQIOXHQFHRIWKHHQYLURQPHQWWHPSHUDWXUHDQGWKHFRROLQJUDWHRQWKHWHPSHUDWXUHDQGYLVFRVLW\
RI WKH H[WUXGDWH H[LWLQJ IURP WKH QR]]OH0RUHRYHU WKH WHPSHUDWXUH DQG LWV FRUUHVSRQGLQJ YLVFRVLW\ DW GLIIHUHQW WLPHV




$GGLWLYH PDQXIDFWXULQJ UHIHUV WR D ZLGH YDULHW\ RI SURFHVVHV IRU PDQXIDFWXULQJ RI ' FRPSOH[ VKDSH SDUWV
7KHVHHPHUJLQJPDQXIDFWXULQJ WHFKQRORJLHVDUHVRUWHGDFFRUGLQJ WRYDULRXVFULWHULD VXFKDV WKHQDWXUHRI WKH UDZ
PDWHULDO PHWDO FHUDPLF RU SRO\PHU WKH SURFHVV RI PDWHULDO GHSRVLWLRQ WKH HQHUJ\ VRXUFH HWF $PRQJ WKHVH
SURFHVVHV )'0 )XVHG'HSRVLWLRQ0RGHOLQJ DOVR FDOOHG ))) )XVHG )LODPHQW )DEULFDWLRQ LV WKHPRVWZLGHO\
















D WUDQVSRUWHTXDWLRQZKLFK LVDGGHGWR1DYLHU6WRFNHVHTXDWLRQV LQRUGHU WR WUDFN WKH LQWHUIDFHRI WZR LPPLVFLEOH
IOXLGV>@(TXDWLRQ(TXDWLRQDQG(TXDWLRQVKRZWKH1DYLHU6WRFNHVFRQWLQXLW\DQGOHYHOVHWHTXDWLRQVXVHG
LQ73)PRGXOHRI&2062/ߩ ߲߲ݑݐ ൌ ׏Ǥ ሾെ݌ܫ ൅ ߤሺ׏ݑ ൅ ሺ׏ݑሻ்ሿ ൅ ߩ݃ ൅ ܨ௦௧ ൅ ܨ ߩሺݑǤ ׏ሻݑ ൌ Ͳ 















































3KDVH 8QLW $LU 3/$ 3((.
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7HPSHUDWXUH . .ߟ଴ 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QR]]OHDW W XS WR W VHFRQGV7KH LQLWLDO WHPSHUDWXUHVDUHFKRVHQDW7P . IRU3/$DQG7P . IRU
3((.$WWKHVHWHPSHUDWXUHVWKHSRO\PHULVIXOO\PHOWHG>@7ZRWHPSHUDWXUHVRIHQYLURQPHQWIRUHDFKSRO\PHU
UHSUHVHQWLQJ WKH WHPSHUDWXUH RI WKH SULQWHU¶V RYHQ DUH VHOHFWHG DV IROORZLQJ IRU 3/$ 7HQY   . URRP
WHPSHUDWXUHDQG7HQY .JODVVWUDQVLWLRQ7JRI3/$)RU3((.7HQY .URRPWHPSHUDWXUHDQG7HQY 
.7JRI3((.7KHLQOHWYHORFLW\IRUDOOWKHVLPXODWLRQVZDVVHOHFWHGDWPPV
)LJXUHVKRZVWKHHYROXWLRQRIWKHYROXPHIUDFWLRQDQGWHPSHUDWXUHVIRU3/$DW7HQY .DWGLIIHUHQWWLPHV
IURP W  WR W V7KHEODFN OLQH UHSUHVHQWV WKHYROXPH IUDFWLRQRI LQ WKHPRGHOZKLFK LVFRQVLGHUHGDV WKH
LQWHUIDFHRIWZRIOXLGVDLUDQGSRO\PHU)LJXUHSUHVHQWVWKHYROXPHIUDFWLRQWKHWHPSHUDWXUHDQGWKHYLVFRVLW\IRU
3/$DW7HQY .DWW V7KHEOXHDUHDLVWKHHQYLURQPHQWRUSULQWHU¶VRYHQ
$V LW LV VHHQ LQ )LJ E WKH WHPSHUDWXUH RI WKH ILODPHQW GHFUHDVHV ZKLOH LW H[LWV IURP WKH QR]]OH DQG LW LV




































WKHGLVWDQFHG PPSRLQW,MXVWDIWHUH[LWLQJWKHQR]]OHXSWRG PPSRLQW,,DWW VIRUZKLFKWKHYROXPH 
IUDFWLRQLV









WHPSHUDWXUH WKH FRROLQJ RI WKH H[WUXGDWH LV YHU\ IDVW LW WXUQV WR VROLG DIWHU PP RI H[WUXVLRQ7KLV GLVWDQFH LV
KLJKHUDERXWPPZKHQWKHH[WUXGDWHH[LWVLQDQHQYLURQPHQWUHJXODWHGDW.
&RPSDULQJWKHVHUHVXOWVLWLVREYLRXVWKDW3/$DQG3((.GRQRWEHKDYHWKHVDPHZD\RQFRROLQJWKHHIIHFWRI
HQYLURQPHQW WHPSHUDWXUH LV ZHDN RQ 3/$ H[WUXGDWHV DQG WKH OLTXLG WR VROLG WUDQVLWLRQ LV SXVKHG EDFN WR KDYH
DYDLODEOHWKHZKROHGLVWDQFHWRGHSRVLWWKHILODPHQW)RUWKHVHUHDVRQV3/$DSSHDUVWREHHDVLO\SURFHVVDEOHZKLFK
PHDQVWKDWDGHSRVLWHG3/$ILODPHQWKDVPXFKWLPHWRIORZDQGWRFRDOHVFHZLWKWKHQHDUE\GHSRVLWHGEHDGV2QWKH
FRQWUDU\ WKH3((.H[WUXGDWH UHDFK LWV VROLG VWDWH IDVWHU WKDQ3/$ZKHQ LW H[LWV IURP WKHQR]]OH$V VRRQDV WKH
GLVWDQFHRIPPWKH3((.ILODPHQWLVVRULJLGWKDWLWFRXOGQRWIORZWRFRDOHVFHZLWKWKHFORVHVWGHSRVLWHGEHDGV
$VDFRQVHTXHQFH3((.ZRXOGEHYHU\KDUGWRSURFHVVE\)))VLQFHWKHWLPHDYDLODEOHWRGHSRVLWWKHILODPHQWLV
YHU\ VKRUW 2QH K\SRWKHVLV LV WKH JDS EHWZHHQ WKH WHPSHUDWXUH RI QR]]OH DQG WKH HQYLURQPHQW WHPSHUDWXUH
&RPSDULQJWKHLQIOXHQFHRIHQYLURQPHQWWHPSHUDWXUHRQWKHWHPSHUDWXUHGLVWULEXWLRQRI3/$DQG3((.LWLVVKRZQ
WKDW LQFUHDVLQJ WKH HQYLURQPHQW WHPSHUDWXUH KLJKO\ LQIOXHQFHV WKH WHPSHUDWXUH FXUYH RI WKH 3((. ZKLOH WKH
LQIOXHQFHRIHQYLURQPHQWWHPSHUDWXUHRQWKH3/$DUHQHJOLJLEOH
7KH FRPSDULVRQEHWZHHQ WKHREWDLQHG UHVXOWV IRU WKH YROXPH IUDFWLRQ VKRZ WKDW WKH OHQJWK WKH GLVWDQFH IURP
SRLQWV,WR,,RI3/$H[WUXGDWHLVKLJKHUWKDQIRU3((.)RUWKHVDPHHODSVHGWLPHWKHOHQJWKRIWKH3/$H[WUXGDWH























3((. WKH SRO\PHU XQGHUJRHV FU\VWDOOL]DWLRQ HYHQ WKRXJK LWV FRROLQJ UDWH LV IDVW 2XU QXPHULFDO VLPXODWLRQ IRU






,Q WKH FXUUHQW VWXG\ WKH H[WUXVLRQRI WZR VHPLFU\VWDOOLQHSRO\PHUV3/$DQG3((.DUHPRGHOHG LQRUGHU WR
RSWLPL]H WKH ))) SURFHVV SDUDPHWHUV 7KH WKHUPDO ILHOG DQG WKH HYROXWLRQ RI WKH YLVFRVLW\ RI SRO\PHUV ZHUH
FDOFXODWHG7KHFRPSDULVRQRIWKHUHVXOWVIRU3/$DQG3((.VKRZWKDWWKHFRROLQJUDWHRI3((.LVIDVWHUWKDQ3/$
ZKLFK PHDQV WKH 3/$ VWD\V ORQJHU DERYH LWV PHOWLQJ WHPSHUDWXUH WKDQ 3((. GXULQJ WKH H[WUXVLRQ VWHS $V D
FRQVHTXHQFHWKHFRDOHVFHQFHRI3/$GXULQJ)))SURFHVVLVPRUHIDYRUDEOHWKDQIRU3((.
:KLOH WKH WHPSHUDWXUH LQ WKH FHQWHU RI WKH H[WUXGDWH UHPDLQV DW PHOWLQJ WHPSHUDWXUH WKH FRROLQJ UDWH DW WKH
ERUGHURIWKHH[WUXGDWHFORVHWRDLULVPXFKIDVWHUWKDQLQWKHFHQWHUZKLFKLVXQIDYRUDEOHWRWKHFRDOHVFHQFHRIWZR
DGMDFHQWILODPHQWVGXULQJWKHSURFHVV
+HUHE\XVLQJQXPHULFDO VLPXODWLRQZHKDYHGHWHUPLQHG WKHFU\VWDOOLQH UDWHRIERWKSRO\PHUVZKHQ WKH\H[LW
IURP WKH QR]]OH DQG WKH KHDW UHOHDVH E\ WKHLU FU\VWDOOL]DWLRQ 7KH QXPHULFDO VLPXODWLRQ IRU 3/$ VKRZV WKDW QR
FU\VWDOOL]DWLRQ DSSHDUV GXULQJ WKH H[WUXVLRQ VWHS2Q WKH FRQWUDU\ 3((.KDV D IDVWHU WHQGHQF\ WR FU\VWDOOL]DWLRQ
&RQVHTXHQWO\ZKLOH WKH HQYLURQPHQW WHPSHUDWXUH GRHV QRW KDYHPXFK LQIOXHQFH RQ WKH FU\VWDOOLQLW\ RI 3/$ IRU










 *DUORWWD'$/LWHUDWXUHUHYLHZRI3RO\/DFWLF$FLGJ. Polym. Environ.±








 %DNUDQL %DODQL 6 &KDEHUW ) 1DVVLHW 9 &DQWDUHO $ 	 *DUQLHU & %HKDYLRXU RQ WKH FRDOHVFHQFH
SKHQRPHQRQ 7RZDUG LPSURYHPHQW RI WKH SURSHUWLHV RI SDUWV PDQXIDFWXUHG E\ ))) )XVHG )LODPHQW
)DEULFDWLRQ WKURXJK XQGHUVWDQGLQJ WKH LQIOXHQFH RI WHPSHUDWXUH DQG UKHRORJLFDO EHKDYLRXU RQ WKH
FRDOHVFHQFHSKHQRPHQRQLQAIP Conference Proceedings 1896
